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REDUCTION IN THE NOISE IN VIC INITIES OF AIRP ORTS WITH THE AID OF THE

OPTIMUM METHODS OF PILOTING JET AI RC1~AFT WITH TAK EOFF.

V. Ye. Kvi tke , B. N. Neln ik ov , V. I. Tokare w.

Pa ge 3.

The increas9 of the noise levels in the vicinities of

contemporary airports anti dissatisfaction by the population li ving

near ar e cau se~I by a first of all rapid increase in the park/fleet of

let aircrafts , inte nsity of their operation, and a lso the nusber of

airports with d ensly populated vicinities; by the cont inuous
approach/~ppro xima tion of habitabl e array to airport boundaries.

Pherefore it is not random the noi se , created in locali ty, it is one

of the most important operat ional charact er istics of contemporary

passenqer aircraft . At the international conference on a red uc t ion in

the noise of pa ssenger aircraft (London , 1 966) it was noted that the

problem of a redtzct ion/descent in the noi se on importance and in

complexity of the sol ved questions is the second after the provision

for safet y of flights (1) . Only the complex development mm d

systemati c intro~1uction of the measures , w hich prov ide for a
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reduction in the noise in the source and not the ways of its

propagat ion, for example , because of the c reation of less noisy

aircra ft, application/use of special procedures of piloting,
construction—planning measures and specia l nethods of the

organization of air movement , makes it possible to success f ul l y  solve

this probl em.

Practical propositions for the further improvement of the

method s of a re duc tion/descent in the noise in the vicinities of

airports were introduced at special conference ICAO (Montreal, 1969)

on the noise of the aircraft , where , in particular , was agreed on and
was accepted standard ICAO, the limiting noise during the operation

of subsonic transport aircraft [21.

Page 4.

The prolect of s im i l a r  state s tandar d is develope d in our country

t 3 1.

Al ong wi th  th e  i mplementa t ion  of lim itat ions on t h e  n oise of new

passenger aircraft vital importance acquires a reduction/ descent  in

the irritating effect of aircraft noise on populat ion beca use of the

perfection/improvemen t of the methods of the operation of

contemporary a i r c r a f t .
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Publ ished w~ rk is several reworked versions  of coverage ,

prepa red fo r  the  i n f o r m a t i o n  of t he  member nation s of CD ME CO N f 99sp04

— Council for Mutual Economic Assistance) and executed in accordance

with the branch current plan for the coor di nation of scientific an d

technical inves t iga t ions, conducted by the m e m t e r  countrie s of

COMECOM in the range of air transport.

I. Operational method s of a reduct ion/d escent in the noise of

aircraft wit h takeoff.

In essence around many large airports are close habitable arrays

with the high density of population. The introd uction of limitations

on noise and the zoning of the vicinities of airports in the future

wil l  lead to a considerable reduction /descent in the noise ; in th e

present time a decrease of the irritating effect of noise is achieved

beca us e of t he  appl icat ion/use  of the  specia l ope ra t ional  methods

whose selection ~epen d s on local condit ions, f irst of all on t h e

topographic. As rule, most is effective the use of routes, not

connected with the flight/span of the populated areas at low

altitude. In other airports can be required other aetho~s, which

-- -- --
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consider the factor of safety and cost-effectiveness,/effic ienc y of

flights.

The operational procedures, direct ed toward the lowering of

— noise during takeoff of aircraft, include:

a) the initial climb wit h considerable gradient for providing

the greatest height/altitude during approach to the colonized

locality;

b) a reduction in the engine power rating with flight over

populated areas;

c) the execution of turns to the side from the populated areas;

d) the use prefera ble from the conditions of noise r u n w a y s :

e) the  use of the so—called routes of the minimu m noi se.

Page 5.

In  all cases, with the exception of the second, a

reduction/descent in the irritating effect of noise is achie ved

because of an increase in the distance between the source of noise

_ _ _ _  -
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an d the populated areas or decrease in the quantity of flights above

them; in the cas e of thrott ling of engines — because of a decr ease in

the emission/radiation by source. This met hod is most effective for a

single—cir cuit and turbofan engine (TRDD ( — turbofan engine ])

with low b ypass ratio, for wh ich by th e determ ining noise source is

exhaust let wit h comparat ively high discharge velocity.

During the development of common/general/total recommendations

regarding aircraft handling taking into account the enumer ated

methods of a redu ction/descent in the noise is necessary the account

of the fol lowing initial principles:

a) the methods , directed toward a decrease in the noise, must

not reduce flight safety to unacceptable level;

b) the craft commander right to disregard method s on a

reduction/de scent in the noise, if it considers, that in diurnal

situation they are unsafe. This is rightly reflected in appendices 2

and 6;

C) the methods, directed toward a reduction/descent in the

noise, one should introd uce only in those air ports, for which the

noise is really/actually problem :

- ~~~~~~~~~ - - -.  - - .  - . —~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ --~~~~~~—~~~~
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d) t h e  use of the meth od s  of a re d uct ion/descent in t he  noise

must not require  of the pilot of qua lification higher than the

average.

The need for the execution of these principles will be

emphasized in the decisions of special confere nce ICAO on noise [4).

1. Increase in the gradient of the initial climb.

One of the important cell/elements of the special methods of

piloting for a red uction/descent in the noise wit h takeoff of

aircraft is the realization of the optimum values of gradients of the

initial climb. The principle of reduct ion in the noise in this case

is based on an increase of the distance to noise source. Flight with

insignificant acceleration after liftoff and maintaining attained

sp eed, constant  in f u r t h e r  set , it provides approx i m a t e l y  two times

the wide ang le s  i n i t i a l  the c l imb  in comparison w i t h  t he  f l i g h t ,

during which is realize/accomplished the continuous

acceleration/d ispersal of aircraft. Under other various cond itions

this reduces noise on the average up to 6 dB. During takeoff by this

method there occurs the redistribution in the balance of available

thrust ; a large part of it is expend/consumed on the creation of

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —— ~ - -~— -~~ ~~~~-—• -~~ —~ ~~~ •~~~~— - --—
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• vert ical velocity V, . Page 6.

With the usu al takeoff with continuous acceleration/disper sal, which

was being frequently applied it is earlier, for exampl e, with the

operation of twin-engine aircraft of the type Tu—1O L$ and Tu—12’&, the

thrust equal to the thrust approximately one engine, is

expend/consumed on the creation of the increasing motion of aircraft

and the same thrust - not overcoming of drag, and its only a small

fraction (order 0.1 thrust of one engine) — for creation y, [5).

For proviiin~ steep trajectory durin g the climb the flight speed

must be constant. The characteristic value of flight speed during the

steady climb must not be lower than maximum value from the number of

enumer a~-ed values (4]: I.2 V,.~,,  t,aV~ or V2 — 20 km/h) determination of

values V.~ , and 112 is given in circular ICAO Mo 58 —

AN/53/2—RAMS).

In the literature most frequently as the recommended

characteristic flight speed is used the last/latter value.

Th e noi se, created in locality during takeoff of this type

aircra ft, it is determined by two basic factors — by removal/d istance

to aircraft and by the mode/conditi’~ns of the operation of its

engines.
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- 
The height/altitude of the flight/spa n of airc raft at the

assigned removn l/listance from the beginning of takeoff/run—up, and

- the consequently ~ iso created by it noise, they depend on six

independen t  var iables , namely  [ 6) :

- .f ( P,G , 5,ii ,C11.V

- where R is an engine thrust; G — the weight of aircraft; S — wing
- . area ; K is the coefficient , which considers the effect of induced

drag (it is determ ined by known relationship/ratios ~~~~~~~~~~~~~~

- here K = (w X e) 1 , where X — relative wing aspect ratio, and
- 

coefficient e for an aircraft as a whole can vary with in the limits
- 

of 0.75—0.90;

• 4,. the coefficient of drag wit h zero lift: V is flight speed.

- To evaluate the acoustic responses of aircraft taking off at the

- po ints in locality , arrange/located at removal/distance C,.s km of

the beginning of takeoff/run—up, can be used simple and sufficiently

precise correla tion (Pig. 1):

H . (t,— e’ ~stn 9

or H.((..C)(~_~~),
since 

$~ft 9. ~4 

- - --- ~~•— ~~~~~~-~~~~~ - • -~••-— •-— • •-- - .—~ 
~~

—.- --- --Th.—. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • -~~~
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Page 7.

Here P.Pflts a thrust— weight ratio and Q. x/o - the ratio of

resisting force to the weight of aircraft.

As a result of the generalization of the characterist ics of a

series of subsonic transport aircraft with jet engines is obtained

the semi—e mpirica l formula

(.2.44

valid for a constant flight speed V2 —20 km/h, where V2 is a safe

rate of climb.

titilizing these relationship/r atios, it is easy to obtain finite

formula for determining the height/a ltitude of the flight/span of the

aircraft above the control point.

Gradient during the climb , as can be seen from the given above

relationship/ratios, besides other factors, depends on the flap

angle. Therefore it is considered that the height/altitude of the

flight/span of the control point, arrange/located at the determined

removal/d istance from the beginning of takeoff/run—up, can be

—- ---

~

—- - -

~ 
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increased (and to con sequen tl y also lower noise) due to the  selection

of the optimum flap angle with takeoff.

It is know n that with the preservation/retention/maintain ing of

the certai n degree of flight safety the low fla p deflection leads to

increase of takeoff run length and of the angle of the initial climb.

An increase in the flap angle reduces the takeoff run len;th ,

however , in this case decreases and the angle of the initial set of

heiqht/ait itude (Fig. 2).

- -  ~~~~~~~ - — ~~~~~~~~~~ —~-— • -~~~---
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Pig. 1. Take—off path .

Key: (1) . Beginning of takeoff/run—up. (2). the point of liftoff.

• (3). control point.

Page 8.

T n connec tion with this (in the absence of other limit at ions, for
example, along the length runways) it is expedient :

a) for a decrease in t he noise in the zone o ,~ imm edia te vicinity
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of airport (zone 1) to utilize lar ge flap deflection;
—

b) for a reduction/descen t in the noise in intermediate zone 2

to utilize the opt imum flap deflection ;

c) for a decrease in the noise in zone 3 (el iminated from

airport) to utilize low flap deflection.

The me dium removal/distance of zone 2 from the beginn ing of

takeoff run is 4.5— 8 km. As a rule, the f l a p  an gle, which is

accompan ied by th~ minimum noise, is close to that recommended by

“Manual on flight operation”, established for other reason s.

For 1 and 3 zones a reduction/descent in the noise beca use of

the selection of the optimum position of flaps with takeoff is low

and composes 1-2 1’PN dB (level of the received noise with correction

for the di~~ rete :omponents in noise spectrum)

Anothe r  me thod  of a reduct ion/descent in the noise is t h e  change

in the configuration of aircraft and velocity of its flight with

takeoff. For each zone in locality and for each type aircraft there

is a opti m u m  proce dure, whic h prov ides for:

a) th e takeoff/run—ep and the initial set of height/altitude at

the interained fla p angle; 
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rig. 2. Pf fec t  of t he  f l ap  angle of the t a k e — o f f  pa th  of a ir cr a f t .

• Ke y: (1) . Angle  of f l a p  def lec t ion.  (2) . Large.  (3) .  avera ge. (4) .

small. (5). Zone

Page 9.

b) acceleration/dispersal with partial retraction of flaps at

the determined height/altitude;

j
~~~~~~~~~~~ ~~~~~~~~~~~
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C) the climb with the optimum flap angle.

By the solu$ ion of conference TCAO on noise in the vicinities of

airports it is noted [by ‘4) that it cannot be required in the

necessary order of a change in the configuration of aircraft for the

purpose only of reduct ion/descent in the noise with takeoff.

To Fig. 3 is shown the comparison of the path of takeoff and

levels of the created noise with the takeoff of an aircraft of the

type DC—8—50 with engines ~T~ -3g with the maintaining of constant

velocity with the flaps, deflected to tak eoff posit ion (solid lines,

and the acceleration/dispersal of aircraft to speed 400 km/h with

retraction of flaps (dotted lines) [7).

Sometimes for providing the standardized noise levels it is

necessary to lower takeoff weight aircraft. A reduct ion/descent in

the noise in this case is achieved because of a decrease in the

takeoff run length , increase in the angle o f the initial nonboron of

— heiqht/ alt i tnde and re la t ive  reduction/de scent in the e n g i n e  power

rating for maintaining the assigned gradient of climb.
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I

Fig. 3. Trajectories and the noise, created in locali’y, wit h the

• takeoff of the aircraft DC— R—50 employ ing differe nt procedures

(takeoff weight - 1143 t, standar d atmosph eric conditions): 1 — climb

at speed V 2 —20 km/h , the flap angle 25°; 2 — the point of the

throttling/chokin~ of engines on height/altitude 600 m ; 3 - the climb

with acceleration/dispersal to speed 400 km/h and retraction of

flaps; ‘4 - speed hold 400 km/h.

Page 10. 
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The reduction/descent in the takeoff weight to 100/0 provides a

decrease in the noise on the aver age by S TPN d~ (4 EPN dB) during

the use of a throttle mode/conditions, providing climb with gradient

Z$o/o. If for the purpose of a reduct ion/descent in the noise is

util ized one standar d engine power rat ing, wh ich corre spon ds to

gradient 14o/o with the maximum takeoff weight, then the

reduct ion/descent in theweight to 100/0 provides with jack a d ecrease

in the noise on the average of entire n 3.5 TPN dB (2.5 EPN dB , (4 ).

The reduct ion/descent in the takeoff noise because of a decrease in

the payload is economically inex pedient . For example , in the case of

the takeoff of an aircraft of the type DC—8—61 with the engines of

3T3D—38 (takeoff weight — 147 t, standard atmosph eric conditions)

without the use of a procedure of a reduct ion/descent in the noise,

the maximu m level of noise at a distance 6 km of the beginning of

• ta keoff/run—up reaches 120 PN by dB. For provision with the ta keoff

of permissible level 112 PN dB without the use of the met h ods of a

reduct ion/descent in the noise it is necessary to decrease the

takeoff weight of aircraft more than on 22.5 t, which for the

aircraft DC—8—61 corresponds approximatel y to the weight of all

passengers (7).

L. - -—- --- --•- -- - - -- — _
~~~ • • ~~~~~ • - ~~~~~ • • _ _
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2. Throttling/choking of engines.

During approach to the colonized locality after the climb wit h

the maximum gradient for the purpose of a red uction/descent in the

noise the engines are throttled.

In accordance with requirements [2], [4] the minimum altitude of

throttling/chok ing is accepted equal to 210 in; minimum

mode/cond itions is selected in such a way that at the ma~ imu a value

of takeoff weight and datum temperature +25° C the positive gradient

of the climb woul.1 be not below 4o/o.

The resul ts  of appl icat ion/use and t h e  acoustic e f fec t iveness  of

this method are very  diverse. D u r i n g  an essential decrease in the

noise under  t a k e o f f  pa th on the  section of the  throttling/chok ing of

en gines is possible an in crease of noise in the areas,

arrange/located after this section in the course of takeoff. The

decrease of noise, attained as a result of a reduction/descent in the

engine pow er rating, depends substantially on the type of engines.

Acoustic effectiveness with the throttling/choking of engines from

takeoff mode/condit ions, cooresponding to gradient 4o/o, reac h es

following values [4).
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Paqe 11.

A decrease in the level of the received noise (~ P N L )  , emaitted

by exhaust let with throttling/choking with sufficient for practical

target/purposes accuracy/precision can be expr essed by the

relationship/ratio:

~ SOt, P/P ,

where p is an engine thrust in throttle mode/conditions; -

maximum value of thrust/rod . This dependence is shown by solid line

on curve/graph (Fig . 11 ).

The ana lysis wi l l  show the validity of this relationship/ratio

for exhaus t jets with change of their para meters in a wide range ,

wh ich is :haracteristic for the engines of the different type and

class. 
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Tabl e 1.

~~~~~~~~~~ 
1%~~~ ~~~~~~~~~~~~~~

L!
5i6.5 3,5,5 EPW U

4 2,7 ~,4 Z.3.S TPN $
2,1 i,s,e EPIH

Key: (1). Quantity of engines on aircr aft. (2). Type of the used

engines. (3). Turbojet. (4). Turbofan with bypass ratio.

j
_ _  ~~~~~~~~ -•• - - 
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Fig. 4. A reduction/descent in the span noise of exhaust jet (solid

line) and of compresso r (dotted line) of DTBD t ~~~ turbofan

engine) with throttling of engines (designation of points see in

text , lines coincide at point ~ PN ,i.O Conditionally).

Page 12.

On Fig. 4 by points are represented the results of this analysis for

the engines, initial parameters of which are give n in table 2.

S i m i l a r  depen d ence for the  noise of compressor TROD is shown to

Fig. by 4 dotted lines:

~DNl.- Ut1 p/~,, • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •—~~- • - ~~~~
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In the case of application/use TRD , intended for SPS (
• system wit h a variabl e structure), in the range of the

mode/conditions, used in takeoff, by the basic noise source is

counted exhaust jet; therefore the acoustic effectiveness of

throttling /choking is maximum.

•1
The absolute values of noise levels, emitted by exhaust jet and

compressor , during a change of the engine power rating of this type

in flight can be calculated by employing the existing proc edures. As

an example to Fi. 5 is shown similar dependence for t different

he ight/altitud e and the flight speed of aircraft with TROD , that have

Low bypass ratio r8).

By utilizing the relationship/ratios, presented in sect ion 2 and

presens sections, it is possible to construct the nom~ g r am , with the

aid of whic h is estimated the expected reduct ion/descent in the

noise, emitted by compressor and exhaust jet taking into accou nt the

ascended vertical distance above the control point , and also the

mode/conditions, utilized with the throttling/choking of engines.
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key: ( ‘) .  Designations on Pig. 4. (2). Type of engine and its

design ation/purpose. (3). Thrust/rod of engine , t. (4). TRD for SPS

(boosterless mode) . (5) . TRD for a subsonic transport aircraft. (6).
T~DD wit h bypass ratio of approximately 1.5. (7). TROD wit h by pass

ratio of approximately 6.

I
It

Page 13.

1. Execut ion  of t u r n s  du r i n g  the  cl imb.

The application of turns it mak es it possible s u b s t an t i a l ly to

lower noise in the populated areas, arran ge/located on the course of

takeoff un der trajectory or near. This one of the basic

cell/elements, used when selecting the routes of the minimum noise.

In ac cordanc? with requirements ICAO (4] for the safety control

of the flight turns are permissible only in such a case, when

J

L
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aircraft reached and it can support during turn height/altitud e not
less than 150 m above the level of terrai n and are preven ted under

the fl ight traject ory and if roll attitud e it does not exceed 15°.

Turns usually are not allow/assumed in conjunction wi th the
throttling,’chokjn; of engines.

pm.

• ----~~ “.v --

~~~ /.4, _/

• 
/

~~~~~~~~ -

a
, I

•

a, ~ I.

Pig. 5. Characteristic relationship/ratio between noise levels ,

em itted by exhaust jet and compressor with the flight/span of

aircraft , equipped with DTPD wit h low bypa ss ratio, 1 - the noise of

jet, 2 — the noise of compressor.

Page 14. 
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14~ Use of preferable runways on noise.

The idea of preferable runways on noise consists in the

preferred use of those takeoff headings, which are not con nected with

the flight /span of the close populated ar~ as. This is possible in the

presence in to the airport of several run w ays, separat e from which in

the direct ion of axle/axis do not have the close colonized zones, but

in the case one runway — colonized point/items wit h one of the sides.

The application/use of a preferable runw ay on noise is not

required [p 1, if the runway is covered by snow , slush or glaze, is

• covered with water , contamination , by oil; if transverse and

• i nc iden ta l  wind  c o m p o n e n t s , i n c l u d i n g  gusts , exceeding respect ivel y

7.5 and 2.5 in/s.

5. Use of routes of minimum noise.

The stimulation , produced by aircraft noise in densely—populated

areas, can be decreased or eliminated completel y because of the

____________________________ - ~~~~ - - ~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ Al1
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flight of aircraft in the routes, arrange/located outside these

-

‘ 
areas, or with the realizat ion of flights above the relati vely

low—populated areas. In  th i s  case it is necessary to accep t in to

consideration the cost—effectiveness/efficien cy of operation in

connection with possible limii ations of t he capacity of airport an d

complications in the administration moved of aircraft. If the

selected routes completely do not eliminate the flight/spans above

densely—populat ed areas , is feasible the course of the concentrat ion

of noise stimulation in small territories.

The more u n i f o r m  di s t r ibu t ion  of the routes of th e  f l ight/ spa n
-

• 
of aircraft for tie purpose of a reduct ion/descent in the frequency

of the effects of noise considers insufficiently effective means. As

- • a result of sociological investigations , which lie at the basis of

the used criteria of the total effect of noise, the contribution to

the common/general/total stimulation , determined by noise levels, is

cons idera b ly more than introduced one by a quantity of flight/spans.

Thus, the total effect of noise, which the populat ion is subjected

to, is red uc ed with th e concentration of air traffic on a minimu m

quantity of routes.

II. Results of experimental studies in the final adjustmen t of the

procedures of piloting with a decrease in the noise in locality wi th 

. — • ~ —~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ •- ~~~~~~~~~~~ S
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the takeoff of aircraft of the type Tu—104 , Tu— 12’l, Tu—13~ and 11—62 .

In the process of special flight tests, carried out GosWII

r Sta te Scientific Research Institute] GA t Civil

Aviation), are experimentally determined the characteristics of the

noise of Soviet passen ger aircraft and developed recommen d ations

regarding their piloting with takeoff wit h decreased noise created in

-• 
locality.

Page 15.

1. Decrease of noise with the takeoff of aircraft Tu—1D14.

The characterist ics of the noise of jet aircraft, by the first

in the world of that begun regular passenger transportatio n, will

becom e the object/subject of investigations compa ratively long (9],

(10]. Nost in detail the characteristics of the takeoff noise of

aircraft Tu— 104 are presented in work fil l , an d the proced ure of

aircraft handling with a decrease in the noise wit h takeoff is given

in works [12], (13), (14]. 

—--— -- -~~~~~~~-—— ---— - ———•--~~~ ~~~~~~~~~~~~~~~~~~ - -— ~~~ —~~~~~~~~ -- , ~~~~~~~-•
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For the purpose of a decrease in the noise with ballet with

course of the populated area the craft commander is guided by the

following.

The selectioa of the position of flaps, takeoff/run-up,

breakaway, lan~iing gear retracting are conducted in accordance wit h

recommendations. “Manuals on flight operations and aircraft

ha ndling ”. After breakawa y the aircr aft is accelerate/disperse d

without maintainin g with the climb to speed 350 km/h for a takeoff

weight 72 t and i,re: 340 km/h — for a we ight less than 72 t.

A 1~ height/altitude 200 a after completion of landing gear

retracting the engine power rating from takeoff is

translate/transferred into nominal. Further climb 500 a is con ducted

depending on takeoff weight at const ant velocit y 350 or 340 km/h by

those which wer e deflected on 100 flaps.

Aft er ach ieving height/altitude 500 a, aircraft it is

accelerate/dispersed , and at speed 370— 380 km/h flaps are removed

with the realization of further acceleration to speed 600 km/h

according to instrument . Before the termination of the landing gear

retracting and flaps the flight speed must not exceed ~0O km/ h.

With takeoff toward the populated areas, elimina ted less than on

-S — - —- — — ~~~~ m~~~~ -- — — —
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• 6 km from the beginning of takeoff/run—up , it is necessary after

-

• 
completion of lending gear retracting at height/altitude 200 a to

change the engine power rating fro. ma x imum in mode/conditions

r/min. The flight/spa n of the populated areas is fulfilled at

constant- velocity 350 or 340 km/h. After the flig ht/span of habitable

array or set of height/altitude 500 a it is necessary to transfe r

engines to the nominal rating of work, accelerate aircraft to speed

370—380 km/h , to remove flaps and to produce the further acceleration

to speed 600 km/h.

With takeoff from foreign airports with the

established/installed limitations on noise , in all cases with takeoff

in the n igh t  t i m e , when  a l lowab le  noise levels su b s ta n t i a l l y  l ower ,

it is necessary with the aid of graphs, shown to Fig. 6 and Fig. 7,

to test the created noise levels and , if it is necessary, to

determine for these conditions the height/altitud e of a change in the

engine power ra tings and the mode/conditions, which ensures

acceptable noise levels (for example , 110 — 112 PN dB in the daytime

even 102 PN 4B at night).

Page 16.

In these cases is allow/assumed a decrease in the

mode/conditions not below I.4aI~~~~.af ter completion of landing
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gear retracting and at height/altitude not less than 150 a. tn all

- s cases the climb under maximum conditions of the operation is

recommended to produce to height/altitude 250—300 a.

The height/altitude of a change in the engine power rating and

the mode/conditions, which ensures noise levels, close to allowable,

are det ermined from t he  in i t ia l data , which includes the actua l

takeoff weight oE aircraft , temperature of air of the earth/ground ,

that chomprises w ind velocity along runway the removal/distance of

the populated point from the beginning of takeoff/run—up.

The c ombined effect of the first three parameters is considered

through the conditional concept “the given weight), determined wit h

the aid of curve/graph (see Fig. 6).

On the curve/graph , shown to Fig. 7, from the point, whic h

corresponds to th~ distance of the nearest boundary of the populated

area f rom t h e  b e g i n n i n g  of ta keof f / run— up on the course of t akeof f ,

is carr ied out v r t i ca l  l ine  before intersect ion with trajectory ,

that corresponds to the obtained given weight.

Horizontal, line, drawn to the side of the arranged/Locate d to

the right table of the levels of the created in locality noise ,

indicates the expected level depending on the engine power rating.

__

~
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Fig. 6. Nomogram for determining the provided weight of aircra ft

Tu—104.

~ey: (1). Actual takeoff weight, t. (2). temperature, 0C~ (3).

Hea dwin d com ponen t, rn/s. (4). given weight , t. (5). a/s. 
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ta keoff of airc raft that— 104.

~ey: (1). km/h. (2). Noise, created on locality. (3). level of sou nd

pressure , dB. (4). the level of the received noise PM. (5)

conditions of operating eng. P r/ain. (6). r/min. (7). km.

Page 18.

An example of the calculation is shown on the curve/graphs by

dotted line with rifleman/pointers for the following conditions:

takeoff weight of aircraft. . . . . . . —76 t,

the temperature of air. . . . . . -
the is component of head wind. . . — 3 m/s,

the removal/distance of the boundary/interface of the populat ed

area from the beginning of takeoff/run—up. . . . —5.5 km.

Under these :on~-3itions the given weight is equal to 79 t. For —

providing accepted as that permissible for a dayt ime in datu. to the

airport of the level, for exam ple, 112 PM dB, decrease the engine
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power rating down to n = 4100 r/ain it is necessary to execute at

alti4’ude 250 a, continuing climbin g flight at speed 350 km/h. Afte r

the flight /spa n of the populated area or set of height/alt itude 500 a

the engines are translate/transferred into the nominal rating of work

and in the process of the acceleration/dispersal of aircra ft are

removed flaps.

For the purpose of a supplementar y reduction/descent in the

noise in locality is permitted the execution of t u r n s  away from the

populated areas at height/altitude not less than 200 a with bank not

more tha n 200.

To Fig. 8 are shown to trajectory and the created maximum noise

above the trajectory with the takeoff of aircraft 70 t in weight

under stan dard atmospheric conditions according to the procedure with

• a decrease in the noi se (climb with speed hold ~~,. 3~ 0 km/h) during

• the different engine power ratings and according to the pr ocedure,

which was being applied earlier and which provides for

acceleration/dispersal. with further speed hold 400 km/h (dotted

lines).

2. Decrease in the noise with the takeoff of airc raft Tu —124.

- 5 --- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ -- , — . .— -—~~~~ ~~~~~~~~~~~~~ --~~~
-
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The results of the investigations of the characterist ics of the

noise of aircraft Tu —12 4, an d also inve stigations in th e f i n a l

adjustment of the procedure of piloting with a decrease in the noise

not of locality with the takeoff of aircraft are examined in detail

in works ti), t12), (13), (114), [15).

At airports with the closely spaced populated points for a

decrease in the noise in locality, the created with takeoff aircraft

Tu — 121*, thc~ initial climb after landing gear retracting is

conducted at speed 300 km/h to height/altitude 500 a. At

height/alt itude 100 m the engines are translate/transferre d into the

nominal rating. After climb 500 a due to decrease of the rate of

climb airc raft is accelerate/dispersed to speed 320—350 km/h and is

conducted retraction of flaps.

With takeoff to the side of the popu lated areas, arrange/located

at distance less t h a n  4 km on the course of jack of the beginning of

takeoff/run—up, in all cases with after takin g off night t ime, in

also during flight from foreign airports with the

established/installed limitations on noise is necessary by the

curve/graphs, shown on Fig. 9, Fig. 10, to check created levels of

noise a, if it 13 necessary, to determine under the diurna l

-5--- - -- - -5-— -- -~~~~-•-rn- —---- -~- -5~~~~~~~-- - - - - - _ _ _-
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conditions of takeoff (takeoff weight, the me teorological conditions

and the removal/distance of the populat ed area from the beginning of

takeoff/run—up) the height/altitude of a change in the engine power

rating and the mode/conditions , which ensures acceptable noise

levels. For these purposes is allow/assumed a decrease in the engine

— power rating not below 88o/o after completion of landing gear

retract ing and on height/altitude not less than 150 a.

For the purpose of a supplementary reduction/descent in the

noise is Dermittel the execution of turns to the side from the

populated areas at he ight/altitude not less than 200 a, also , with

bank not more than 200. 

—--—-— _~~~~-~~~~~~~-~~~~~~~---—-~~~~~ •
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Fig. 8. Ch aracteristic trajectories and the noi se, created in

locality with the takeoff of aircraft Tu—1 04 employing different

procedures.

Page 20.

1. flecrease in the noise with the takeoff of aircraft Tu—13 4.
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For the purpose of a decrease in the noise wit h the takeoff of

aircraft Tu— 131s with course of the colonized locality it is necessary

to be guided by the followi ng.

The selection of the position of flaps, takeoff/run—up,

breakaway, landing gear retracting are conducted in accordance wit h

the recommen d atio~ s of “management /ma nual on flight operations and

aircrafi handling ”. After breakaway in the process of landing gear

retracting the aircraft is accelerate/dispersed without speed hold

according to instrument 280—290 km/h for the flaps, deflected to 20°,

and 100 km/h — for the flaps, deflected to 100. Futher climb 800 a is

cond ucted at the constant indicated speed 280—300 km/h depending on

the flap angle for all takeoff weights to 45 t inclusively.

Wit h takeoff into daytime burden and in the case, when the

removal/distance ~f the populated area exceed s 6 km of the beginning

of takeoff/run-up, it is necessary at height/altitude t400 a to change

the  engine power r a t i ng  f r o m  t a k e o f f  to n o m i n a l .  At h e i g h t/ a lt i tude

800 a the stabilizer will be transpose/rearranged into position “0”,

aircraft is accelerated to the recommende d by “manual ” speeds. In the

process of accel~ ration/dispersal by spee d 330 km/h is conducted the

- -S - —i -- -
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retraction of flaps.

With takeoff in night time, and also to the side of the

populated areas, arrange/located at removal/dista nce it is less than

6 ka, and during flight from the foreign airports, in whic h are

establish/installed the limitations on noise, it is necessary by the

accompanying curve/graphs (Fig. 11 , Fig. 12) to determine the

expected noise levels, and, if necessary to refine for these

cond itions (takeof f weight , the meteorological conditions and the

arrangement of the populated areas) the height/altitude of a change

in the engine pow?r rating and the mode/conditions, which ensu res

acceDtable noise levels.

In these cases is allow/assumed a decrease in the

mode/conditions not below 880/o after complet ion of landing gear

retracting and at height/altitude on less tha n 150 a. In this case in

all cases the aircraft mus t continue the cl imb wit h rate of climb not

less than 2.5 a/s.

The height/altitude of a change in the engine pc,ve: rating and

the mode/conditions, providing noise levels, close to perm issible,

are determined from the fact initial data , as for an aircraft Tu—104.

Their comb ined effect is considered with the aid of the curve/graph,

given to Fig . 11.

_ _ _ _ _ _  _ _ _ _ _  - - - a - - •
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Fig. 9. Monogram for determining the given weight of aircraft Tu—124.

Key: (1). actual takeoff we ight, t. (2). temperat ure, °C. (3).

Rea dw i n d com ponen t , rn/s. ( 1 *) . rn/s. (5). given weight , -
. 
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Fig. 10. Trajectories and the noise, created in locality with the

takeo ff of aircraft Tu—124 .

key : (1). km/h. (2). the soun d pressur e level , dB. (3) . the level of
the received noise, (4). the engine power rating. p 0/0. (5).

given weight, t. (6) . km .
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Page 22.

For determining the given weight it is necessary abov e according

to horizontal scale to find the value of actua l takeoff we ight and to

cond uct vertical line to intersection wit h the hor izontal line, wh ich

corresponds to temperature of .15°C , then from point of intersection

to conduct the line, parallel to the closest inclined ray/beam , to

the va lue of actual temperature of the earth/ground. After conducting

vert ical line from the obtained point to the horizontal line, whic h

corresponds t~ calm, in a similar manner we produce the accoun t of

wind on runway . For lower scale we obtain corresponding to these

conditions the given weight of aircraft.

On curve/graph (Fig. 12) from the point, which correspond s to

• the distance of the nearest boundary/interface of the populated area

from the beginning of takeoff/run—up on the course of takeoff , is

carried out vertical line before inter section wit h the tralectory,

which corresponds to the obtained given weight. Horizonta l line ,

drawn to the side of the arranged/locat ed to the right table of the

levels of the created in locality noise, it will indicate the

expected level dep ending on the engine power rating.
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. 1
An exam ple of the calculation is shown on the given curve/graphs

by dotted line with rifleman/pointers for the following conditions:

the takeoff weight of aircraft. . . . . . . . — ~e~4 t,

the temperature of air. . . . . . . . .—+30°C,

the is component of head wind. . . . — S a/s.

atmos pheric pressure. . . . . . . . .—730 ma Hg,
dista nce of the boundary/interface of the populated area from

the beginn ing of takeoff run . . . . . . . . . .— 4 km. 
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Fig. 11. P4om ogram for determining the given weight of aircraft

- - Tu—134.

Key: (1). Actual takeoff weight 1- . (2). Temperature, °C. (3).

reference line. (11). Speed of wind , rn/s. (5). reference line. (6).

Velocity of wind, a/s. (7). reference line. (8). given weight, t.

~ 
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Fig. 12. Trajectories and the noise, created in locality with the

takeoff of aircraft Tu— 1311.

Key: (1). Noise, crea ted in locality, PN dB. (2). Engine power rating

— p 0/0. (3). given weight , t. (4). km.

Page 211.

In this case the given we ight is close to 50 t. For providing

accepted as that permissible for a daytim e in datum for the airpor t

level, for example, 102 PM dB, decrease in the engine powe r rating

down to n = 88o/o are necessar y to manufactur e at height/altit ude

approximately 2011 in , continuing climbing flight at speed 280—290

km/h. After the flight/spa n of the popula ted point of clim b 800 a the

engines are translate/trans ferred into the nomina l rating of work and

in the process of acceleration of aircraft at speed 330 km/h on

instrument are removed flaps.

The given to Fig. 11 and 12 curve/gra phs are suitable also to

evaluate the noise levels and in the case of the takeoff of aircraft

with the flaps, deflected to 10° (gradient of the climb in this case

is somewhat higher than with takeoff with the flaps, deflected by

20°).
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Sometimes for the purpose of a su pplemen tary reduction/descent

in the noise is allow/assum ed the execution of turn a wa y from

populated points at height/altitude not less than 100 a abov e the

level of air field wit h bank not more than 15°.

1*. A decrease in the noise with takeoff of aircraft 11—62.

Some results of the inves tigations of the characteristics of the

noise of aircraft 11—62 and recommendations in its reduction/descent

are published in E li l , [161.

For the purpose of red uction of noise in locality with the

takeo ff of aircraft the 11—62 with course of the colonized locality

is appliel at present the following procedure.

the position of flaps , takeoff/run—up, breakaway and the landing gear

retracting of aircraft after being conducted in accordance wit h the

recomm en dat ions of section “takeoff” of “manageme nt/ma n ua l on f l ig ht

opera tions”.

— ----- ---5 —------
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In the process of landing gear retracting the aircraf t is

accelerate/dispersed to the speed 320—340 km/h de pending on takeoff

we ight. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Key: (1). Takeoff weight, t. (2). ... and less. (3). Indicated

airspeed , km/h.

Page 25.

At height/altitude 120 a in the process of the further

acceleration,’dispersal of aircraft to speed 350 km/h for takeoff

weights to 150 t inclusively and to 360 km/h for weights 1 50—160 t

• begins the retraction of flaps from 30° to 15°.

With takeoff in dayt ime and in the case, w hen the

removal/d istance of the populated area exceeds 6.5 km of the

beginning of takeoff/run—up, at height/altitude 400 a the engine

power rating is translate/transferred int o nominal. Retaining

constant velocity 330—360 km/h and the flaps, released to 15°,

prod uce the set of height/altitude 800 a, after which aircraft it is

translate/transferred into the mode/conditions of

- j
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acceleration/dispersal to the speed of steady climb. In the process

of acceleration/d ispersal at speed not more than 1400 km/h the flaps

are removed completely.

Wit h takeoff in night time or to the side of the populated

areas, arr ange/located at remova l less than 6.5 kin of the beginning

of takeoff/run-up, and also during flight from foreign airports with

the established/installed limitations on noise it is necessary by the

curve/graphs, given to Fig. 13 and Fig. 14, to de termine e xpected

levels of the maximum noise , also, if necessary to refine for

specific conditions the height/altitud e of a change in the engine

power rating and the mode/conditions, which ensures acceptable noise

levels.

For a redu ction/descent in the noise is allow/assumed a decrease

in the mode/conditions to 80° in IP—33 after comp letion of retraction

of flaps ~o 15° and at height/altitude not less than 153 a. With the

very close arrangement of the populated areas it is necessary to

decrease dow n to the necessary value the engine power rati ng on

height/a ltitud e not less than 150 a, after whic h it is allow/assumed

retraction of flaps from 30° to 15° with the

preservation/retention/maintaining of speed 350—360 km/h. 

-- -- - ~~- - - - -5
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Fig. 13. Nomogram for deter mindng the given weigh t of aircraft 11—62.

Key: (1) . Actual takeoff weight , t. (2) . reference line. (3).

Temperature of air , 0C~ (4). reference line. (5). Wind velocity . n/s.

(6). reference line. (7). Atm . pressure , mm Hg. (8). Given tak eoff

weight, t.

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _
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Fig. 14. Tralectories and the noise, created in locality wit h the
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takeoff of aircrnft Ii— 62.

Key: (1). Naximui noise , created at local ity. (2). km/h. (3). The

oper ating mode of engines — takeoff. (14). Takeoff conditions. (5) .

Node/conditions 80° on IP—33. (6). Given weight . (7). tons. (8). Ci.

Page 27.

In this case in all cases the aircraft must continue climb with rate

of climb not less than 2.3 n/s.

The height/altitude of a change in the engine power rating and

the mode/conditions, provid ing levels of noise, close to permissible

as for other aircraft , are determined from known values of actual

• takeoff weight of aircraft, temperature , wind and atmospheric

pressure of the earth/ground , and also the removal/distance of the

populated area from the beginning of ta keoff run.

An example of calculation is shown on the given curve/graphs by

dotted lines with rifleman/pointer s for the follow ing conditions:

the takeof f weight of aircraft. .— 163 t,
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the tem perature of air +350C,

the is component of head wind —2.5 m/s,

atmos pheric pressure. . . . .-730 mm Hg,

dista nce of populated point/item from the beg i nn in g of

takeo ff/run—up —6.0 km.

For these conditions the given weight is equal approximately to

167 t. For providing the accepted as allowable level, for example ,

102 PN dB , decrease of the operating mode of engine to 83° on iP—33

it is necessary to manufact ure at height/altitude 350 a, by

cont inuing climbing flight at constant velocity 360 km/h . Af ter the

fligh t/span of the populated area or set of height/altitude 800 a the

• engines are translate/transferred into nominal mode and in the

process of the acceleration/dispersal of airc raft at speed not more

than 1800 k m/h flaps are removed completely.

The dependence of the measured total noise levels and designed

on the averaged spectra levels in PN dB EPN dB and dB (a) for the

throttle engine power rating from the flight altitude of aircraft

fl—62 is shown to Pig. 15.

a

-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —- 5—-- -~~ - - --~~~~~~—- -~~~~~~~~ - -
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Fig. 15. Yhe depeidence of the levels of the maximum noise , created

with the flight/span of aircraft Ii —62, flight speed 350 km/h , the

engine power rating is 80° on IP—33.

Page 28.

5. Charact er istic3 and comparative evaluation of the effectiveness of

ap plied proced ures of pilo+ing. 

-~~~~~~~~~ -5 -~~~~~~~ -5
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Key: (1). Ai rcraft type. (2). Fundamen tal characteristics. (3). A

quantit y is the type of engines. (4). M a x i m u m  takeoff weig ht, t. (5).

Position of flaps wit h takeoff, deg. (6). Speed of the initial set of

height/altitud e, km/h . (7). Height/altitude of the beginning of

acceleration/d ispersal with intermediate retraction of flaps, a. (8).

Position of flaps after i n t e rmed ia te  re t rac t ion, deg. (9). Flight

speed with flaps deflected to intermediat e position, km/h. (10).

Standard height/altitude of a change in the engine power rating from

takeoff to nominal , a. (11) . Height/altitude of the beginning of

acceleration/d ispersa l and retraction of flaps to = 0~ , m. (12).

Noise level, regulated by standard ICAC at the control point , bred at

removal/distance 6.5 km of the beginning of takeoff/run—up , EPN dB.

(13). Height/altitude above the control point 6.5 km with takeoff

with the preservation/retention/maintaining of the maximum engine

power rating, a. (14). Noise level at ccntrol point 6.5 km in the

engine ope ration under maximum conditions , (15). Throttle engine

power rating on regular instruments. (16). r/ain. (16a) . on (17).

Noise leve l at control point 6.5 km in the engine operation on

throttle mode /conditions, EPN dB. (18). Reduction/descent in the

noise za.scet, the throttling/choking of engine s, EPN 18. (19)

.lJ
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The basic cell/element s, compa rative characteristics and

acoustic effectiveness of the procedures of piloting Soviet aircraft

with a decrease in the noise in locality with takeoff are shown in
1~ 4,&-LL 

~~~.table 3.
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Minimum height/altitude of the throttling/choking of engines, ..

(20). Minimum hei;ht/altitude of turn for the purpose of a

reduction/descent in the noise, a. (21). Minimum radius of turn at

the angle of bank 15°, of km.

Page 29.

In accordance with standard TCAO [2) the noise with takeoff is

regulated at the control point, arra nge/located at removal/distance

6.5 km of the beginning of takeoff/run—up. The allowed value of the

noise depe nd s on the takeoff weight of aircraft, whereupon as the

initial conditions is accepted the temperature of ambient air, equal

to —25°C, atmospheric pressure —760 mm Hg, calm. The comparison of

th e noise levels, regulated by standar d ICAO , at the point indicated

during set by the aircraft of height/altitude wit h actual level of

the noise, created by the aircraft of different types, it is shown to

Pig. 16.

It should be noted that as the characteristic rate of climb for

Soviet aircraft is selected the speed, equa l to V2 — (20—30) km/h.

— For small aircraft of the t ype that—1 24 and that—1 34 this value of

velocity, selec te d for the max imum takeof f weight, for th e pur pose of

simplification piloting is utilized also with takeoff with smaller

-- —-- --5 —- - - - -—-—-- - -— - -  - ~~~~~~—-5—
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takeoff weights.

Page 30.

Th is allows with an insignificant deterioration in the acoustic

effectiveness to decrease the pitch angle, whic h with an increase in

the thrust—weig ht ratio can considerably increase, whic h ma kes

survey/coverage of forward half sphere worse and can cause

inconveniences for passengers- It is considered that for the majority

of aircraft types the angle of pitch must not exceed 15°. The climb

without retraction of flaps (are deflected to tak eoff position) also

makes it possible to reduce the angle of pitch.

-5 - 5 -  — —
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Pig. 16. Comparison of actual noise levels, created b y th e air craf t

of different types at the control point , arran ge/locate d it

removal/d istance 6.5 km of the beginning of takeoff/run—up, wi th the

regulated standards ICAO .

• Key~ (1). Falcon. (2). Fokker. (3) . Caravelle. (4) . Comet. (5)

Hoeina. (6). TO. t.

Page 31.

III. Some results of invest igations in the evaluation of the expected

j  

- -- -~~~~~- - - - - - —- - -~~~~--- — -•—- -~~~~~~~~~-—- -- — - -  ~~~~~~~~~ -
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characterist ics of the noise of SPS.

Analyzing materials of works, contain ing the results of the

stud ies of expected no ise levels in locality d uring operation SPS,
and also the possible methods of their reduct ion/descent it is

im portant to emphasiz e the following special feature/peculiarities

SPS, which relate to the characteristics of the created noise and the

method s, utilized for its reduct ion/descent.

1. The operational methods, directed tow ard a reduction/descent

in the noise SPS, in principle do not differ from those used for

subsonic passenger aircraft with jet engines.

2. Comparatively high values of thrust—weight rat io SPs makes it

possible to accomplish steeper trajectories of the initial climb with

takeoff. The high altitude of the flight/span above the control point —

with takeoff in conjunction with the throttling/choking of engines

makes it possib le to achieve at th is point of the noise levels, close
to those observed for subsonic aircraft.

3. PreferabLe preferential for SPS TED instead of TRDD

substantially incr eases noise at the points, arrange/located from the

side runway, with the takeoff of aircr aft.

—
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-
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As illustration on Fig. 17 and Pig. 18 is show n according to the

results (7), (11) the com parison of the take—offs pat h SPS and of

typ ical subsonic aircraf t , and also the created in this case noise.

Values of the areas, sublected to the noise effect of various levels

with takeoff SPs and of subsonic aircraft, are given in table 4 (17].

A reduction/d escent in the noise as a result of the

throttling/choking of engines with takeoff SPS, as can be seen from

Fig. 19, can reach 12 PN by dR . On Fig 19 are shown to take— off path

and the levels o~ the maxim um noise under trajectory in the engine

operation on takeoff conditions with the application/use of

afterburning throttle mode/conditions, the ensuring the grad ient of

set height/altitude , equal to 6o/o fig).

The com parison of the charac teristic depen dences effect ive level

of received noise (in EPN dB), created in locality wi th ta keoff  an d

reduction/descent for landing SPS (solid lines) and subson ic

passenger aircraft wit h four TED or TRDD with low bypass ratio

(dotted lines) from pressure to the flyin g aircraft is shown to Fig.

20 (19).

--- --5 - - — —  — --- — --—--—------ - -5 - - - ------- - -~  - - -
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Table 4.

~~ • f
~ i_I~-

III i990~~i ~~~~~~ZR C1L~ 5.0 6,5 18 70 flA)

_____ 
1,5 2,5 85 30 —

I 

—

Key: (1). Noise level , PN dB. (2). Area, included by the curves of

equal levels for SPS, km 2. (3). Area, included by the curves of equal

levels for subsonic aircraf t, km 2.
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?iq• 17. Tra jectories and the noise, created in locality with takeoff

SPS (solid lines) and subsonic transport airc raft with TRDD (dotted

lines) according to the data [ 7].

Key: (1). km. 
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• Fig. 1A. Trajectories and the noi se, created in locality vith takeoff

SPS (solid lines) and subsonic aircraft (dotted line) according to

~he data f 17].

Key: (1) . km.

_
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Fig. 19. The trajectories and levels of the maximum noise under

trajectory in the engine operation on takeoff and throttle

mode/conditions. 1 — the takeoff engine power rating, the gradient of

the set of h e i g h t/ a l t i t u d e  13o/o ; 2 — the  t h r o t t l e  engine  power

r a t i n g ,  the  g r a d i e n t  of the set of h e i g h t/ a l t i tude 60/0; 3 — t h e

resl-orat~ on/reduction of takeoff mode/conditions at height /alt itude

1500 in.

_ _
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Key: (1). km .

Fig. 20. Dependence of the noise levels in BPN dB from the m inimum

removal/~listance to trajectory of flight SPS (continuous lines) and

subsonic a ircraft with 14 TRD or TED wit h low by pass ratio (dotted

lines). 1 — takeoff conditions; 2 — the throttle mode/conditions,

wh ich ensu res gradient 60/0; 3 — landing mode/conditions.

Key: (1). Effective level of the received noise, EPN 18. (2). the

minimum distance to pa th of flight, in.

Page 33.

IV. Mathematical description of the task of the selection of optimum

aircraft contc,l with takeo ff with a decrease in the noise in

locality.

As already m entioned, among the used at this time methods of a

reduction/de scent in the noise of aircraft in locality importa nt

place is assigned to the special methods of piloting, the task of

developing similar procedures of piloting with takeoff allow/assumes 

-5-—~~~ —- -5 - 5 - 5  -5 -
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mathemat ical simulation and can be solved by the methods of the

theory of optimum control ( 20).

The motion of the center of mass of aircraft let us d escribe by

the system of differential equations.

Page 34.

(1~

where x = (x 1, X2~ ~~~~

f = (fe, f2, ... , f3) are a vector function;

U = (U1, t7~ , ... , 
~
J 6 are steering fu nctions;

z,ay - fligbt speed; x2 = 8 — the flight path angle to th~ hori zon;
is an angle of rotation of trajectory; x4 = 1, x5 = Ii - moving

coord inates; U1 = - an gle of attack ; U2 — slip angle ; U,’~~~.the
angle of high—speed/velocity bank/roll; u..f_the angle of deflection

of thrust vector; U5 = 6~ — the angle of deflection of hig h lift

devices; tJ~ = p - the engine thrust .

-5-—-- ~~~—— -- - -——--~~~~~~ -- — - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



! - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~-5~-5-5-5•”-5••~~~~~ - 

-5-5 -5-5•
~

-5
~ 

- -5-5-5 -5-5-5 -5-5 -5-5-5~
-5 -5-5•-5••-5-5-5 -5-5-5 -5- -5

~~~ •-5-5-5~7?-5-5-5-5~

DOC = 77145502 PAGE

I

j.~~c~~~~~cI~~~~~~~4~~$&*J.- ~s&*S;

~~~~~~~~~ ~~~~ -4cs~ css~~-J~css ;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~ M*jlcu~~~~~~1 ~~~~ ~~~~~~cN) cuI~~;

-- ~~.Yc ~~l; ~~~~~~~~~~~~~~~~~~

where X, Y, Z are aerodynamic forces;

m = the mass of aircraft.

For contemporary jet aircrafts the total emitted acoust ic pow er

can be by the specific relationship

- 

• w .w ,.wL,

where W 1 - the acoustic power, emitted by exhaust jet;

— the aco~stjc power, emitted by compressor.

T he e ffec t of noise on popu lation usually is determine d by sound

pressure level, by spectral com posit ion and t he durat ion of the

.~i1
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effect of noise. To eva luate the irrit ating effect of noise in single

flight/span of aircraf t usually is a pp lied EPNL — the effec tive level

of the received noise. Taking into account a series of the

sim pl if ying assumpt ions accordingly criterion by the measure of the

irritating effect of noise can serve the value:

~~
s ~~~~~~~~~ [3Lt*j IO~’#”4t ‘ (2)

where ~ .is a directional characteristic of noise;

- noise in’—ensity;

R — distanc e from aircraf t to control point;

L is a sound pressure level at control point.

Page 35.

Thus, the task of finding the optimu m flight program is reduced

to the det ermination of this solution of system of equations (1),

which provides the minimum of integral criterion (2). Spec ial

feature/peculiarity of this task — limitation on phase coordinates,

governing functions and maxim um noise level. Task can be generalized

for the case of the minimi2ation of noise on terrain sector with the

assigned boundaries. 

-----~~~~~~~~ -5 - -~~~~~~~ 
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For the  S ol u t i o n  of t h i s  p rob lem is r e c omm e n d e d  the  u t i l i z i n g  of
— the method of steepest descent , make it possible to investigate the

optimum for noise flight conditions with the aid of computer. As a
result is determined the most advantageou s from noise progra m of the
aircraft control taking into account the assigned limitation s.

4—
_ _ _ _ _ _ _ _ _  

4’ — 5- - ---— 

~ , • , a a 
~

Fig. 21. Calculation of the optimum control SPS on computer from the

conditions of providing the minimum noise in locality with the

takeoff of aircraft.

~ey: (1). be , ral. (2). km.

Page 36.

This m ethod  w a s  used for d e t e r m i n i n g  the  optimum takeoff paths

of a series of aircra ft. To Fig. 21 are given the calculated

trajectories and the optimum control with takeoff SPS, obt ained by

em ploying pr ocedure described above. Control point after rejecting at

a distance of 6.5 km from the beginning of ta ke off/ r ~n n—u p. The 

~~~ --5-—-5-~~~—-~~~~~~~~ - ‘- -
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initial data on the characteristics of aircra f t, necessary for the
- s 

- 
calculat ion, are borrowed from work (21]. Solid lines is shown

takeo ff without a reduct ion/descent in the engine power rating and

ta keoff configuration SPS. Optimum control of a series of the

parame te rs from con ditions of the maximum reduction/descent in the

noise by represented dotted lines. The attained in this case

reduction/de scent in the noise exceeds value 10 PN dB.

- Thus , the proposed algorithm can be used both for det ermination

of the most favorable take— off paths of promising aircraf t, includ in g

- ~PS, and for the purpose of an increase in the effectiveness of the

developed procedures of takeoff for the operable aircraft.

• Pages 36 and 37.

- - R E F E R E N C E S .  No t y p in g. 

~~— ---5 -— - ------ 

j



_ _  

_ _ _ _ _ _-— - _ _ _ _

‘ilk
DOC = 771145502 PAGE •

L~ £tP.?.tt la.. u pon of..  1~Psz~.ttijus1
tsp... , is 

~~~s p.~~~~
-
~~ ss uf isla , 4 dt,~~~luuo. u~~~i4by ~~~~ s$rur.tt . 1~~~os. 8~~itas.ry OfSt.e.

2. X*tSTis$ISis1 CLVL2 Adattus Or~~~f ttsa. $ps --
M1 .t~~~ is .lrmtt asia. La ips ~iotaj~~ at
is. • Uis~~s.1, fl Iusu~~4n- 1969. l.pust us £4.ada Z~~. B.
•.~~. 

I%I~IP/I4. P.psr 22.

B. ~~~~~ 1., Z n a  3 , Ueaiwtop B., I~ A.
~~pscu .i 

-5 
csmuauoa~ • !pms .cnai ui.a~ua , 1970, P 2,

4. ~~~~~~~~~~~~~~~~~ CL~31 AVIS4ISS .~~~~~a*astto.. Ipe-
Sal us*~ ag cm ~~~ r~tt usiss Ia ~~ vts~ujg~’ it us,.dp. . .

• ~ uu~~
__ 

1%~. 1.p.rt .. ~~~~~ it.. 4.
~~s_ ~~*s,# ~~.

• 
~~~~

~~
. Ii ~~~~~i 5.1. ~~~~~~~ ~~~ ~~ uscTuoccm p~~ lsasis

ocmsus
~ ?y—224. caus uuv~si a ts~~~s ao.~~~sror P s j~u~sioui uucms~s.st~~.i usyuo—teuusoul

in, 1966, in. 5, 157—161.
6. Psr~~i.~ J.L Prs..durs . ton Istlisits i *4 snouts .f

da.t~~ sad epsrst~ osu~ , *4~ sot.ntst1su of 3.1 aizoisf I us p~.Msot... Pro~~..a at lASh r,s.arob re3attsg t• ai~a. aU.vIa tt.u it
itr i. usbsoato 3.1 stzor.S$. lISA 37—189,

1968 , 411—421.

7. nn~~ w.a. • Wild. V.1. # Lrorsf * not., sad lb. oo~~~ini%p.
Csasd. Air s.s%.sad 8p~a. .1., 1968, 14, P 6, 201—209.

8. Riot.rds 3..? . Alioraft ~~~i..— j t 1~ attng lb. istsa~o..
kstronaa t sad Asno.att ~ 1967, ~~, P I, 84-45.

9. Pasyi.oj U , Ku~n i., ry6ua. r. Xapszeepicp.u
1715, CO5~ eJ3OijO7Q CsuOae?ou ?~—I04. rp.wacui aluuu ,
1958, P 2, 19—21.

10. ll$?.3 B., ~~~~~~~~~ r. 8o~~e aooae~oaaw sy..
77—104 is sasep.. i’ps~~sacxa* .eu.,, 1958, P 7, 24—25.

II. c38. EIOC ?OJIuISi soivccsn nO ,puoaop,y. “Ve!O~Ua
pic~eyIoro 1 szcnepi Tu~ioro ofl peAe1e153 ZlpiZ?eplCTIic 3715,
CO$~~1Ie uoPO aaocaaapczals caMole?iui as WOCTWOC?l ” . CCCP ,
ReEu~1p% 196 8

12. C38. Com as P 5 no aos*7.aoi~, rpascaop?J . ~ oue~~no euse “3caae~oaa eie $Onpoc*, ysen esu u~us ossc~eyos s
p 39500?Xa OfloCOøoI b Ush O~ 5715 flsccuapop, ua poApouloro
nopcolsaa a aiTeasi a Oipec!aoce~x asp000pTol’. IlVepku , no~—
PO?OueUuil Aeler$I~leI C(X~P. IO CUIS , 1965 -

13. Kaux. 8., leZinmo) 3. floaeyv a SXYCTIai. 9’pu~si-
o~si .su~ua , 196?, P 2, 24—23.

14. 3~jtks 1.3 , igt’atkj, 1.3. Isdiottos sad auss asuis t
of nuts. ti-os civ il st—craft. Iu~siist. Oust. bed.ot. lot..

spd Djs ~~~.b. ..s ..d Civil Aurirsft , ~~~~~~ 1966.’ Psp.j
IIC/C11n6

BEST AVAILAB LE COPY



~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -_ 

-

SECURITY CLA SSIFICAT ION OF THIS PAGE (IThsn 0.i. EnI.r.d)

DEDADT lI~~~~ lJ rAT I f l k I  D AI E 
READ INSTRUC TIONS

F. ~~~~~~~~ L,~~~~ umL.I1 I””’ 
~‘ BEFORE CO MPLETIN G FORM

1~ R EPORT NUMBER 2 GOVT ACCESSION NO. 3. RECIPI E N T S  C A T A L O G  NUMBER

FTD—I D (RS ) T- 1 1455 — 77 ________________________
4 T ITLE (sad SubtitI.) 5. T Y P E  OF REPORT I PERIOD COVERED

REDUCTION IN THE NOISE IN VICINITIES OF
- 

- AIRPORTS WITH THE AID OF THE OPTIMUM Translat ion
METHODS OF PILOTING JET AIRCRAFT WITH P E RFORMING ORG. REPORT NUMB E R —

- 

- TAKEOFF - _________________________
7. ALJTHOR(.) 0- C O N T R A C T  OR G R A N T  NLIMBER(.)

- s V. Ye. Kvitke , B. N. Melnikov, V. I.
Tokarev

• 9. PERF ORMING ORGANIZATION NAME AND ADDRESS 10 PROGRAM ELEMENT . PROJE C T . TASK

Foreign Technology Division AREA & WORK U N I T  NUMBERS

Air Force Systems Command
U.  S. Air Force

~I. CONTROLLING OFFICE NAME AND ADDRESS 12 REPORT DATE

1972
13. NUMBER OF PAGES

________________________________________________ 70
14. MONITORING AGENCY NAME & ADORESS(II differen t from Controlling Off ice) IS. SECURITY CLASS. (of thie report)

UNCLASSIFIED
IS.. D E C L A S S I F I C A T I O N / D O W N G R A D I N G

SCHEDULE

~6. DIST RIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the ab.traci entered in Block 20. 11 different ftom Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on revere. dde  ilnece.e.r-y nd identify by block number)

ACC rS~ -
~ 

- -
- 

k
—
- -o~~~~

r~r c  - - cn o
o

- — —
20. A B S T R A C T  (Conti nue en rev. rae aid. if neces .ary and identify by block number)

0l ;12;20 PY -

DSTR!BU N/~YAIIABCS1Y COPES
iL. - 

~~ cc SF~CIA L.

DD , ~2 ” !,~ 1473 EDITION OF ¶ NOV iS IS OBSOLETE
TINC.t .ASSIFIED

SECURITY  CLASSIFICATION OF THIS PAGE (V/han Date Ent.r.,t)

-—-- .-

~

-- - - --- - - - -

~

-- --—-- --- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~- - - ~~~



——-5- - —--——---- ,.— -

— - - - - - .—— ~~~~~~~~~ —~~- --

DISTRIBi7~ION LIST

DISTRIBUTION DIRECT TO RECIPIENT

ORGAN IZATION MICR0FI~ HE ORGANIZATION MICROFICHE

A205 DMATC 1 E053 AF/INAKA 1
A210 DMAA~ 2 EU 17 AF I RDXTR—W 1
B34i~ DIA/RDS.-3C 8 E404 AEDC 1
CO~3 USA}IIIA I E408 AFWL 1
C509 BALLISTIC RES LABS 1 E410 ADTC 1
C510 AIR MOBILITY R&D 1 E413 ESD 2

LAB/FIO FTD
C5i.3 PICATINNY ARSENAL 1 CCN 1
C535 AVIATION SYS COMD 1 

- 

ETID 3
C557 USAIIC 1 N I A / P I iS 1
C591 F’STC 5 NICD 5
c619 MIA REDSTONE 1
D008 NISC 1
H300 USAI CE ( USABEUR) 1

— P005 ERDA
P055 CIA/CRS/ADD/SD 1
NAVORDSTA ( 5oL) 1

NASA/KSI 1

AFIT/LD 1

FTD—ID(RS)T-1455-77 

___  ~~I1~~~~


